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Fig. 1 Map of the study area showing sampling locations for water 
(samples 1- 4), sediment (samples A- J) and biota (samples 1-
12). 
1987-February 1989 (Fig. 1) as determined by avail-
ability. 
Fish, prawn, crab, and squid samples were collected 
from the commercial landings at Karwar. Soft tissues of 
mussels and oysters and the muscle of fish, prawn, crab 
and squid samples were analysed for mercury. 
Epiphytes of the seaweeds were removed and the entire 
green portion above the basal part was a.nalysed for 
mercury. Biological samples were wet digested using 
HNO, and H,O, mixture (Dalziel & Baker, 1983). AU 
the digested samples were analysed for mercury by cold 
vapour atomic absorption technique using a mercury 
analyser, (ECIL). 
The accuracy of the analytical procedure was 
checked using standard reference materials (lobster 
hepatopancreas) of the NRC Canada and found to be 
within ± 10% of their specified concentrations. Repeated 
digestion and analysis of the same samples were carried 
out to estimate the precision of the analysis. Percentage 
recovery of mercury from the samples were estimated 
with added mercuric chloride (Table 1). 
The mercury concentrations in water collected from 
four stations are shown in Table 2. Mercury concentra-
tion was found to be higher in the vicinity of the 
discharge point (0.91 -2.62 I'g I- I). The average value of 
mercury in the Arabian Sea is 0.061 I'g I-I (Sanzigiri et 
ai., 1988). Mercury concentration was found to be 
higher in the surface water than in the bottom samples 
(Table 2). Similar observations were reported by earlier 
workers (Kureishy et ai., 1987). 
Mercury concentrations in the sediment samples col-
lected from 10 stations are given in the Table 3. Near 
the discharge point, concentrations were comparatively 
high. High mercury levels were also reported in the 
sediment samples collected from the vicinity of indus-
trial discharge zones from Bombay coast and Western 
Bay of Bengal (patel & Chandy, 1988 ; Sasamal et al., 
1987). 
Mercury concentrations in fish, prawn, crab and 
squid samples (Table 4) are comparable with the values 
reported for these species from the Indian coast (Sanzi-
giri el al., 1988). The mackerel Raslrellige, kanagurta 
TABLE I 
Precision (coefficient of variation) and percentage recovery of mercury 
analysis. 
Sample Precis!on .Percentage recovery 
Seawater 
Sediment 
Bio logical tissue 
4% 
10% 
6% 
TABLE 2 
99 
9 1 
95 
Total mercury in the seawater· collected from the vicinity of discharge 
point of the Caustic Soda factory, Karwar (x ± SD, N "" 3). 
Depth Total mercury 
Station No. m ~g I- I 
0 1.49 ± 0.22 
18 1.06 ± 0.07 
2 0 2.62 ±0.20 
10 0.91 ± 0.12 
3 0 1.43 ± 0.15 
9 1.05 ± 0.20 
4 0 0.99±O.l4 
10 0.94±0.O9 
*Total - dissolved + particulate. 
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had higher mercury concentration than sardine, prawns, 
crab and squid, probably due to its carnivorous food 
habit and the linkage in the food chain. 
Mercury concentration in oysters, musse1s and sea-
weeds sampled from the Karwar coast is shown in Fig. 
2. In bivalves and seaweeds collected from the vicinity 
of discharge point (stations 5- 8) mercury levels were 
found to be comparatively high (0.06- 0.314 flg g- I). 
Stations 1 and 2 were found to be comparatively un-
polluted areas. The sequence of mercury levels 
observed in the biota studied is as follows: 
sardine < squid < crab < prawn < mackerel 
< seaweed < mussel < oyster 
The green mussel P viridis has been proposed as a 
biomonitor of heavy metals in tropical waters (Phillips, 
1985). The present study shows that C. cucullata and P 
viridis can be used as suitable bio-indicators of mercury 
contamination in the coastal environment (Fig. 2). 
Before the construction of the present submarine 
effluent pipeline, the discharge went directly into a 
stream which originates from the factory site and flows 
into the sea (Annigeri, 1977). The oysters collected 
from this stream (Stn 8) showed a very high concentra-
tion of mercury. Earlier workers also reported high 
mercury levels in the water and sediment collected from 
the stream (Kureishy et al., 1987). The results of the 
present study show the same trend indicating that 
mercury may still be continuing to reach the stream 
(Fig. 2). 
Mercury concentrations observed in the biota in the 
TABLE 3 
Total mercury concentration in the sediment samples collected from 
the coastal water of Karwar (x± SD, N - 3). 
Station 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
DeSCription of sediment 
Sand 
Mud 
Mud 
Sand 
Mud 
Mud 
Mud 
Mud 
Mud 
Sand 
0·36 
, 
o 
-3: 0·28 
=: 
::I 0-20 
u 
• 
" 0·12 
0·04 
Total mercury 
Ilgg- 1 dry WI 
O.lO±O.OI 
1.1 4±0.04 
l.30±O.01 
om ±0.005 
0.007±0.001 
0.023 ± 0.007 
0.053±0.01 
0.018 ± 0.008 
0.122 ± 0.005 
0.002 ± 0.001 
• C.c ueullota 
o P.viridis 
1m S.ttntrimum 
Manne Pollutio n Bulle tin 
present study are well within the safe limit of 0.5 flg g- I 
wet wt (Nauen, 1983). 
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TABLE 4 
Mercury concentration in fish and shellfish sampleq from the commer-
ciallanding at Karwar (x-±SO, N - 5). 
Species 
Fish 
Sardinella /ongiceps 
Rastrelliger Iwnagurta 
Crab 
PorJunas pe/agicw 
Prawn 
Penaeus merguensis 
Parapenacopsis styli/era 
Squid 
Loligo dUlIGucelli 
Total mercury 
~gg- I wei wt. 
0.003±0.OOI 
0.03±0.004 
O.OI±O.OO I 
0.01 ±O.OOI 
O.OI ±O.OOI 
0.006±0.001 
2345678 9 10 II 12 
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Station No . 
Fie. 2 Mercury concentration (Jl8 g- I wet wt (x ±SO, N-5) in eras-
sostrea cucullata. Perna viridis and Sargassum tenerimum col-
lected from the coastal waters of Karwar. 
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Heavy Metal Concentration in 
Telescopium from Darwin 
Harbour, N.T., Australia 
Some gastropods have clear potential as indicators of 
trace metal (Ireland & Wootton, 1977). Like bivalves, 
gastropods conform well to basic indicator prerequisite, 
although some species would be better termed seden-
tary rather than sessile (Phillips, 1980). The similarity 
of accumulative capacities of bivalve and gastropod 
molluscs leads to a similar mode of elements sequestra-
tion in the two groups (Phillips, 1980). Telescopium is 
widely eaten by native aborigines of the Northern Terri-
tory and, being sedentary filter feeders, are likely to 
show some indication of the accumulation of heavy 
metal pollution in Darwin Harbour. No heavy metal 
data are available for Telescopium telescopium from 
Darwin Harbour to establish natural backgtound levels. 
This paper reports the values of seven metals in Teles-
copium from Darwin Harbour. The observed values are 
compared with other filter feeders from this area (Peer-
zada & Dickinson, 1988). 
Samples of Telscopium were collected from eleven 
sites of Darwin Harbour as shown in Fig. 1. Their identi-
fications are given in Table 1. At least 15- 20 specimens 
were collected from each site, placed in separate 
labelled plastic bags and kept frozen prior to being 
stored at 10°C until analysed. Samples of 12 individuals 
from each site were used for analysis. When defrosted, 
the Telescopium were extracted from cracked shell, 
digested with 6M nitric acid and analysed within 24 h 
by flame spectroscopy using a Varian AA 14 7 5 (peer-
zada & Dickinson, 1988). No correction for back-
ground absorption was made since the background 
absorption was found to be very low. Detection limits in 
fig g- I were: cadmium, 0.02; copper, 0.01; lead, 0.1; 
zinc, 0.02; cobalt, 0.02; nickel, 0.02; and manganese, 
0.2. The recovery trials were between 95~ 100%. The 
accuracy of the method used was established using 
Canadian dogfish liver reference material DOLT-I. 
Duplicate analysis gave the following results: 
Sample Pb Zn Cu Cd 
DOLT-l 
Certified Values fig g-I 1.36 92.5 20.8 4.18 
±0.29 ±2.3 ± 1.2 ±0.28 
Conen. found fig g-I 1.10 88.5 17.6 3.71 
±0.12 ± 3.1 ±1.7 ± 0.31 
The concentration of lead in Telescopium was in the 
range of n.d.- 8.99 fig g- I (Table 1). Enhanced con-
centrations of lead were found at Rapid Creek sites 3-5 
(Fig. 1) and Frances Bay (site 8). The concentration of 
lead increased in Rapid Creek area and was maximum 
(8.99 fig g-I) at site 5. Rapid Creek originates from 
Marrara Swamp and receives some treated sewage and 
storm water discharge before entering Darwin Harbour. 
It has earlier shown higher concentrations of lead and 
other heavy metals in waters, 3.5 fig I-I (Peerzada & 
Ryan, 1987) and sediments, 35 fig g- I (Peerzada & 
Rohoza, 1989). The level of lead decreased markedly as 
the distance of collection sites from Rapid Creek 
increased. No lead was detectcd at other sitcs (locations 
1- 2, 7, 9-11). The elevated level of lead at Frances Bay 
(site 8) is associated with discharged macerated sewage 
where all of the mangrove trees had died and a new by-
pass road was being built. In addition, the Teles-
copium collected at this site were smaller than those 
from other sites around Darwin Harbour. The level of 
lead exceeded the National Health and Medical 
Research Council (Anon, 1979) recommended limit of 
2.5 flgg- I at locations 3, 5 and 8. 
Cadmium, Zinc, and Copper: High concentration of 
cadmium (2.06 fig g-I), zinc (199.47 fig g-I) and 
copper (72.05 fig g-l) in Telescopium were found at 
Race Course Creek (site 7). Race Course Creek lies 
within East Point Reserve and receives treated sewage 
discharging into the water body close to sampling loca-
tion. Elizabeth River (site 11) gave maximum level of 
cadmium as the samples were also taken in the vicinity 
of boat ramps, landfills and sewage outlets. The con-
centrations of zinc in the Telescopium around the Rapid 
Creek area (sites 3-5) was in the range of 19.70-53.69 
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Fig. I Location of sampling sites. 
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